SEMICONDUCTOR DEVICE AND PROCESS FOR PRODUCING THE SAME 

FTELD OF THE INVENTION 

The present invention relates to, in a semiconductor 
device using a thin film, a connection wiring ensuring 
electric connection between conductive thin films. 
Particularly, it relates to, in a pixel region of an active 
matrix liquid crystal display (AMLCD) , a connection wiring 
ensuring electric connection between a switching element and 
a pixel electrode. 

The semiconductor device used herein involves all 
devices functioning by utilizing semiconductor properties, 
and an electro-optical device such as an AMLCD and a 
semiconductor circuity such as a microprocessor are included. 
Furthermore, an electronic apparatus containing such an 
electro-optical device and a semiconductor circuit is also 
included in the semiconductor device. 

BACKGROUND OF THE INVENTION 

Recently, the technique of providing a TFT on an 
inexpensive glass substrate is being rapidly developed. 
This is because the demand of an AMLCD is increased. 

In an AMLCD, each of several tens to several millions of 
pixels arranged in a matrix form is equipped with a thin 
film transistor (TFT) as a switching element, and input 
/output of an electric charge on each of pixel electrodes is 
controlled by the switching function of the TFT, 

A liquid crystal is sandwiched between the pixel 
electrode and a counter electrode to form a kind of 
capacitor. Therefore, the electro-optical characteristics 
of the liquid crystal can be changed by controlling input 
/output of an electric charge on the capacitor, and thus an 
image can be displayed by controlling light passing through 



the liquid crystal panel. 

As a characteristic phenomenon in such a display device 
using a liquid crystal, there is a phenomenon called 
disclination. While the liquid crystal sandwiched between 
the pixel electrode and the counter electrode is arranged 
with orientation having regularity, the orientation may be 
disturbed by rubbing failure due to unevenness on the 
surface of the electrodes. The function of light shutter is 
lost in the location at which disclination occurs, and 
display failure such as leakage of light arises. 

In order to prevent disclination, measures have been 
conducted such as covering the TFT with a flattened film, 
but such cannot become drastic countermeasures because 
flattening of the contact part of the pixel electrode 
finally produced is impossible even if a flattened film is 
utilized. 

The invention has been developed in view of the 
above-described problems. 

DESCRIPTION OF THE INVENTION 

An object of the invention is to provide a technique 
relating to a constitution of a contact part for forming a 
completely flat conductive layer. 

Particularly, the invention intends to prevent 
generation of disclination due to a step of a contact part 
by completely flattening a pixel electrode of an AMLCD, 
whereby an effective pixel area is enlarged by reducing an 
area of a black mask, so as to realize an AMLCD of high 
precision and high contrast. 

The invention relates to, as a first aspect, a 
semiconductor device comprising two conductive layers 
provided as separate layers, and an insulating layer 
sandwiched by the two conductive layers, 



the two conductive layers being connected to each other 
with an embedded conductive layer provided as filling an 
opening formed in the insulating layer, and 

the embedded conductive layer comprising an organic 
resin film containing a conductive material dispersed 
therein or an inorganic film containing a conductive 
material dispersed therein. 

The invention also relates to, as a second aspect, a 
semiconductor device comprising two conductive layers 
provided as separate layers, and an insulating layer 
sandwiched by the two conductive -layers, 

the two conductive layers being connected to each other 
with an oxide conductive layer provided as filling an 
opening formed in the., insulating layer. 

The invention further relates to, as a third aspect, a 
semiconductor device comprising two conductive layers 
provided as separate layers, and an insulating layer 
sandwiched by the two conductive layers, 

the two conductive layers being connected to each other 
with an embedded conductive layer provided as filling an 
opening formed in the insulating layer, 

the embedded conductive layer comprising an organic 
resin film containing a conductive material dispersed 
therein or an inorganic film containing a conductive 
material dispersed therein, and 

a shape of the opening substantially agreeing with a 
shape of the embedded conductive layer embedded in the 
opening . 

The invention further relates to, as a fourth aspect, a 
semiconductor device comprising two conductive layers 
provided as separate layers, and an insulating layer 
sandwiched by the two conductive layers, 



the two conductive layers being connected to each other 
with an oxide conductive layer provided as filling an 
opening formed in the insulating layer, and 

a shape of the opening substantially agreeing with a 
shape of the oxide conductive layer embedded in the opening. 

The invention further relates to, as a fifth aspect, a 
semiconductor device comprising two conductive layers 
provided as separate layers, and an insulating layer 
sandwiched by the two conductive layers, 

the two conductive layers being connected to each other 
with an embedded conductive layer provided as filling an 
opening formed in the insulating layer, 

the embedded conductive layer comprising an organic 
resin film containing a conductive material dispersed 
therein or an inorganic film containing a conductive 
material dispersed therein, and 

one of the two conductive layers being provided on a 
flat surface formed by the embedded conductive layer. 

The invention further relates to, as a sixth aspect, a 
semiconductor device comprising two conductive layers 
provided as separate layers, and an insulating layer 
sandwiched by the two conductive layers, 

the two conductive layers being connected to each other 
with an oxide conductive layer provided as filling an 
opening formed in the insulating layer, and 

one of the two conductive layers being provided on a 
flat surface formed by the oxide conductive layer. 

The invention further relates to, as a seventh aspect, a 
process for producing a semiconductor device comprising 

a step of forming a first conductive layer, 

a step of forming an insulating layer on the first 
conductive layer, 



a step of forming an opening in the insulating layer to 
expose the first conductive layer at a bottom of the 
opening, 

a step of forming an embedded conductive layer to cover 
the insulating layer and the opening, 

a step of etching or polishing the embedded conductive 
layer to make a state in that only the opening is filled 
with the embedded conductive layer, and 

a step of forming a second conductive layer on the 
insulating layer and the embedded conductive layer. 

The invention further relates to, as a eighth aspect, a 
process for producing a semiconductor device comprising 

a step of forming a first conductive layer, 

a step of forming an insulating layer on the first 
conductive layer, 

a step of forming an opening in the insulating layer to 
expose the first conductive layer at a bottom of the 
opening , 

a step of forming an oxide conductive layer by a spin 
coating method to cover the insulating layer and the 
opening, 

a step of etching or polishing the oxide conductive 
layer to make a state in that only the opening is filled 
with the oxide conductive layer, and 

a step of forming a second conductive layer on the 
insulating layer and the oxide conductive layer. 

The invention further relates to, as a ninth aspect, a 
process for producing a semiconductor device comprising 

a step of forming a first conductive layer, 

a step of forming an insulating layer on the first 
conductive layer, 

a step of forming an opening in the insulating layer to 



expose the first conductive layer at a bottom of the 
opening , 

a step of forming an embedded conductive layer to cover 
the insulating layer and the opening, 

a step of forming a second conductive layer on the 
embedded conductive layer, 

a step of patterning the second conductive layer to a 
desired pattern, and 

a step of etching the embedded conductive layer by using 
the second conductive layer as a mask in a self matching 
manner . 

The invention further relates to, as a tenth aspect, a 
process for producing a semiconductor device comprising 
a step of forming, a first conductive layer, 

o 

a step of forming an insulating layer on the first 
conductive layer, 

a step of forming an opening' in the insulating layer to 
expose the first conductive layer at a bottom of the 
opening, 

a step of forming an oxide conductive layer by a spin 
coating method to cover the insulating layer and the 
opening, 

a step of forming a second conductive layer on the oxide 
conductive layer, 

a step of patterning the second conductive layer to a 
desired pattern, and 

a step of etching the oxide conductive layer by using 
the second conductive layer as a mask in a self matching 
manner . 

In the invention, by filling a contact hole with a 
conductive layer, improvement of the flatness of the second 
conductive layer (particularly the pixel electrode of the 



pixel matrix circuit) formed thereon is intended. 

An organic resin film or an inorganic film, in which a 
material providing conductivity (conductive material) is 
dispersed, is used as the embedded conductive layer. 
5 Examples of the material for the organic resin film 

include a polyimide resin, an acrylic resin, a polyamide 
resin, a polyimideamide resin, an epoxy resin and a 
polyvinyl alcohol (PVA) resin. 

Examples of the inorganic film include a silicon dioxide 
10 film of a solution coating type called SOG (spin on glass) . 

Specifically, OCD (Ohka Coating -Diffusion source) produced 
by Tokyo Ohka Kogyo Co., Ltd. and general silicate glass 
O (PSG, BSG and BPSG) can be exemplified. 

As the material providing conductivity, a carbon 
material (such as graphite) , zinc oxide, aluminum flakes and 
bl nickel flakes can be used. Particularly, graphite is 

IS preferred since it is good in general-purpose properties and 

handling properties. Those having a shape or a particle 
£ diameter that cannot fall into the opening provided in the 

[%Q insulating layer cannot be used. 

ri Therefore, the material providing conductivity is 

^ preferably. in the form of fine particles having a particle 

diameter of 1/2 or less (more preferably 1/10 or less, 
particularly preferably 1/100 or less) of the opening width 
25 of the opening provided in the insulating layer. For 

example, in the case where the opening has a diameter of 1 
jam (contact hole) to connect the wiring (conductive layers), 
the material dispersed in the embedded conductive layer 
preferably has a diameter of 0.5 Jim or less (more preferably 
30 0.1 urn or less, particularly preferably 0.01 Jim or less) . 

The inventors have selected a solution coating type 
conductive layer as a material that is preferred for filling 
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in the fine contact hole, and have given attention to an ITO 
(indium tin oxide) film of a solution coating type as a 
representative material thereof. 

Examples of the ITO film include a thin film produced by 
using ADEKA ITO coating solution produced by Asahi Denka 
Kogyo K.K. While an indium tin organic compound is 
dissolved in a xylene solvent to form this ITO coating 
solution, other oxide conductive layers can be formed by 
changing the solvent and the solute. 

Since the oxide conductive layer is formed as 
concentrated at the uneven part, it is suitable for 
effectively filling and flattening the unevenness. The 
number of coating is not limited to once, and it is 
effective to coat twice or more to enhance the flatness. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A, IB and 1C are schematic cross sectional 
views showing the production process of the connection 
structure of wiring according to one embodiment of the 
invention. 

Figures 2A, 2B and 2C are schematic cross sectional 
views showing the production process of the connection 
structure of wiring in Example 1 according to the . invention . 

Figures 3A, 3B, 3C and 3D are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 2 according to the invention. 

Figures 4A, 4B, 4C and 4D are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 2 according to the invention. 

Figures 5A, 5B and 5C are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 2 according to the invention. 

Figures 6A, 6B, 6C and 6D are schematic cross sectional 
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views showing the production process of a pixel matrix 
circuit in Example 3 according to the invention. 

Figures 7A, 7B, 7C and 7D are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 3 according to the invention. 

Figures 8A, 8B and 8C are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 3 according to the invention. 

Figures 9A, 9B and 9C are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 7 according to- the invention. 

Figures 10A, 10B and IOC are schematic cross sectional 
views showing the production process of a pixel matrix 
circuit in Example 8 according to the invention. 

Figures 11A and 11B are schematic perspective views of 
electro-optical device of Example 11 according to the 
invention. 

Figures 12A to 12F are schematic perspective views of 
electronic apparatuses of Example 13 according to the 
invention . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
One embodiment of the invention is described with 
reference to Figures 1A to 1C . In Figure 1A, numeral 100 
denotes an underlayer, which may be any of an insulating 
layer, a semiconductor layer or a conductive layer, and a 
first conductive layer 101 having a pattern is formed 
thereon . 

The first conductive layer 101 is covered with an 
insulating layer (interlayer insulating layer) 102. As the 
insulating layer 102, an insulating film containing silicon 
such as silicon oxide, silicon nitride and silicon oxide 
nitride, or an organic resin layer is used as a single layer 



or as having a multilayer structure. The case where an 
organic resin layer is provided as a single layer is 
described herein, for example. 

After forming the insulating layer 102, an opening 
(contact hole) 103 is formed by etching. The method for 
etching may be a wet etching method or a dry etching method. 
It is effective that the cross sectional shape of the 
opening 103 is tapered to improve the coverage of a thin 
film subsequently formed. 

After forming the opening 103, an embedded conductive 
layer 104 is formed. As the embedded conductive layer 104, 
an organic resin film containing a carbon material dispersed 
therein or an inorganic resin film containing a carbon 
material dispersed therein is used. A solution containing 
the carbon material dispersed therein is coated on the 
insulating layer 102, and an excess of the solution is 
removed by spin drying, to form the thin film. This 
technique is called a spin coating method. 

After forming the embedded conductive layer 10 4 by the 
spin coating method, an excess of the solvent is removed by 
a baking (curing) step to improve the film quality depending 
on necessity. The conditions for the curing step are not 
limited, and baking (heat treatment) at 300°C for 30 minutes 
is generally required. 

The advantages of the thin film formed by coating a 
solution are that the film formation is extremely easy, and 
the film thickness can be easily increased. Furthermore, 
since the film is in the form of solution in the stage of 
film forming, it exhibits excellent covering properties of 
minute unevenness and is extremely suitable for filling a 
minute opening such as the contact hole. The invention has 
been attained with making attention to such excellent 
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covering properties of a material of solution coating type. 

Another advantage of the material of solution coating 
type is easiness of coloring. For example, a black colored 
organic resin film by dispersing a carbon series material is 
utilized as a black mask. 

The inventor have made attention to the fact that among 
the organic resin films containing carbon material dispersed 
therein, an organic resin film using graphite as the carbon 
material becomes a film having a low resistance, and have 
found that it is used as the conductive layer for filling a 
contact hole, with combining- the excellent covering 
properties of the material of solution coating type. 

The state of Figure 1A can be obtained after forming the 
embedded conductive .layer 104. After that, the embedded 
conductive layer 104 is subjected to an etch back process by 
a dry etching method, to obtain a state in which the 
embedded conductive layer 104 fills only the opening 103, as 
shown in Figure IB. 

In the etch back process, the etching selectivity of the 
insulating layer 102 and the embedded conductive layer 
should be noted. Since an organic resin film is used as the 
insulating film 102 in Figure 1A, it is etched to the extent 
similar to the embedded conductive layer 104 in the etch 
back process, and no step is formed therebetween. 

However, in the case where the insulating layer 102 is a 
silicon oxide film, the etch back process must be terminated 
at the time when the silicon oxide film is exposed, 
otherwise only the embedded conductive layer 104 is etched 
in the opening to form a step at the opening. 

In view of the above, it is preferred that the 
insulating layer 102 and the embedded conductive layer 104 
are in the conditions in that they have the same etching 
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selectivity as possible. In order to accomplish such 
conditions, the etching conditions may be optimized or the 
same material is used in both the insulating layer 102 and 
the embedded conductive layer 104. 

It is an important factor in the invention that the film 
thickness can be easily increased. In Figure 1A, the 
thickness of the embedded conductive layer 104 must be the 
same as or thicker than the thickness of the insulating 
layer 102. Therefore, a CVD method and a sputtering method 
are not practical since the throughput is rather 
deteriorated by using these methods. 

After thus obtaining the state shown in Figure IB, a 
second conductive layer 105 is formed to have a pattern. As 
a result, the two conductive layers (the first conductive 
layer 101 and the second conductive layer 105) insulatedly 
separated by the insulating layer 102 are electrically 
connected through the embedded conductive layer 104, as 
shown in Figure 1C. The second conductive layer 105 can 
maintain complete flatness even at a contact part 106. 

The invention having the above-described constitution is 
further described in detail with reference to the following 
examples . 

EXAMPLE 1 

In this example, ITO is used as the embedded plug 
(conductive layer) . In Figure 2A, numeral 2 00 denotes an 
under layer, which may be any of an insulating layer, a 
semiconductor layer or a conductive layer, and a first 
conductive layer 2 01 having a pattern is formed thereon. 

The first conductive layer 201 is covered with an 
insulating layer (interlayer insulating layer) 202. As the 
insulating layer 202, an insulating film containing silicon 
such as silicon oxide, silicon nitride and silicon oxide- 
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nitride, or an organic resin layer is used as a single layer 
or as having a multilayer structure. 

After forming the insulating layer 202, an opening 
(contact hole) 203 is formed by etching. The method for 
etching may be a wet etching method or a dry etching method. 
It is effective that the cross sectional shape of the 
opening 2 03 is tapered to improve the coverage of a thin 
film subsequently formed. 

After forming the opening 203, an oxide conductive layer 
204 is formed. As the oxide conductive layer 204, an ITO 
film of solution coating type is used. A solution 
containing an indium tin organic compound dissolved in an 
organic solvent such as xylene is coated on the insulating 
layer 202, and an excess of the solution is removed by spin 
drying, to form the thin film. This technique is called a 
spin coating method. 

After forming the oxide conductive layer 204, a drying 
step at a temperature of from 150 to 170°C and a baking step 
at 3 0 0°C or higher are conducted, and further an annealing 
step is conducted depending on necessity, to improve the 
film quality. The conditions of the curing step are not 
limited to the above, and the optimum conditions may be 
determined through experiments . 

The advantages of the thin film formed by coating a 
solution are that the film formation is extremely easy, and 
the covering properties are excellent. That is, since the 
film is in the form of solution in the stage of film 
forming, it exhibits excellent covering properties of minute 
unevenness and is extremely suitable for filling a minute 
opening such as the contact hole. The invention has been 
attained with making attention to such excellent covering 
properties of a material of solution coating type. 
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In some cases, the ITO film of solution coating type can 
be colored black by adding a carbon series material or a 
pigment to the solution for coating the ITO film, and as a 
result, the light shielding property in the contact hole can 
be increased. 

The state of Figure 2A can be obtained after forming the 
oxide conductive layer 204. After that, the oxide 
conductive layer 204 is subjected to an etch back process by 
a dry etching method, to obtain a state in which the oxide 
conductive layer 204 fills only the opening 203, as shown in 
Figure 2B. 

In the case where an ITO film is used as the oxide 
conductive layer, either a wet etching method or a dry 
etching method may be. employed for the etching method in the 
etch back process. 

In the case where the wet etching method is employed, a 
commercially available etchant for ITO can be used. In the 
case where the dry etching method is employed, HBr (hydrogen 
bromide) , HI (hydrogen iodide) and CH 4 (methane) can be used 
as an etching gas. Among these, HBr is preferred from the 
standpoint of workability and general-purpose properties. 

After thus obtaining the state shown in Figure 2B, a 
second conductive layer 205 is formed to have a pattern. As 
a result, the two conductive layers (the first conductive 
layer 2 01 and the second conductive layer 205) insulatedly 
separated by the insulating layer 202 are electrically 
connected through the oxide conductive layer 204, as shown 
in Figure 2C. The second conductive layer 2 05 can maintain 
complete flatness even at a contact part 206. 

EXAMPLE 2 

In this example, a production process of a unit pixel 
(unit picture element) constituting a pixel matrix circuit 
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of an active matrix liquid crystal display device (AMLCD) 
driven in a reflection mode is described with reference to 
Figures 3A through 5C. 

A quartz substrate 3 01 having an insulating surface is 
prepared. In this example, because a heat treatment at a 
temperature of from 900 to 1,100°C is conducted, a material 
having high heat resistance must be used. A crystalline 
glass (glass ceramics) substrate provided with an underlayer 
film and a silicon substrate provided with a thermal 
oxidized film may be used. 

An amorphous silicon film 302 having a thickness of 65nm 
is formed thereon, and the amorphous silicon film 3 02 is 
crystallized by using the technique described in Unexamined 
Published Japanese Patent Application No. 8-78329. The 
technique described in this publication is to conduct 
selective crystallization by using a catalytic element 
accelerating crystallization. 

A mask insulating film 3 03 is formed to selectively add 
a catalytic element (nickel in this example), to the 
amorphous silicon film 302. An opening 304 is formed in the 
mask insulating film 303. 

A nickel acetate solution containing 10 ppm by weight of 
nickel is coated by the spin coating method, to form a 
catalytic element-containing layer 305. 

After thus obtaining the state of Figure 3A, removal of 
hydrogen is conducted at 450°C for 1 hour, and a heat 
treatment is conducted at 570°C for 14 hours, to obtain a 
lateral growing region 306. After thus finishing the 
crystallization step, an addition step of phosphorus is 
conducted by using the mask insulating film 303 itself as a 
mask, through which a phosphorus -added region 3 07 is formed. 

After thus obtaining the state of Figure 3B, a heat 



treatment at 600°C for 12 hours is conducted, so that nickel 
remaining in the lateral growing region 3 06 is subjected to 
gettering into the phosphorous-added region 3 07. As a 
result, a region in which the nickel concentration is 
lowered to 5 x 10i 7 atoms/cm^ (called a gettered region) 308 

is obtained as shown in Figure 3C. 

Active layers- 309 and 310 composed only of the gettered 
region 3 08 are formed by patterning, and then a gate 
insulating film 311 having a thickness of 120 rim is formed. 
The gate insulating film 311 is composed of a silicon oxide 
film, a silicon nitride film, a silicon oxide-nitride film, 
or a laminated film thereof. 

Af ter . forming the gate insulating film 311, a heat 
treatment at 950°C for 3 0 minutes in an oxygen atmosphere is 
conducted to form a thermal oxidized film at the interface 
between the active layer and the gate insulating film, by 
which the interface properties can be largely improved. The 
active layer 3 09 and 310 are oxidized to be thinned through 
the thermal oxidation step. In this example, the thickness 
of the active layers is finally adjusted to 50 nm. That is, 
the thickness of the initial film (amorphous silicon film) 
is 65 nm, and oxidation is conducted for 15 nm, to result in 
a thermal oxidized film having a thickness of 3 0 nm. The 
gate insulating film 311 has a total thickness of 150 nm. 
The state until this step is shown in Figure 3D. 

An aluminum film containing 0.2% by weight of scandium 
(not shown in figure) is formed, and an island pattern as a 
base of a gate electrode is formed by patterning. After 
forming the island pattern, the technique described in 
Unexamined Published Japanese Patent Application No. 
7-135318 is applied, the details of which can be referred to 



the publication. 

While a resist mask used for patterning remains on the 
island pattern, anodic oxidation is conducted in a 3% 
aqueous oxalic acid solution. A formation current of from 2 
to 3 mV is applied using a platinum electrode as a cathode 
to a carry-over voltage of 8V. As a result, porous anodic 
oxidized films 312 and 313 are formed. 

After removing the resist mask, anodic oxidation is 
conducted in a 3% ethylene glycol solution of tartaric acid 
neutralized with aqueous ammonia, at which the formation 
current is from 5 to 6 mV, and the carry-over voltage is 10 0 
V. As a result, dense non-porous anodic oxidized films 314 
and 315 are formed. 

Gate electrodes 316 and 317 are thus finished through 
the above-described procedures. In the pixel matrix 
circuit, gate lines connecting the gate electrodes per one 
line are formed simultaneously with the formation of the 
gate electrodes. The state until this step is shown in 
Figure 4A. 

The gate insulating film 311 is etched by using the gate 
electrodes 316 and 317 and the porous anodic oxidized films 
312 and 313 as a mask. The etching is conducted by the dry 
etching method using CF 3 gas. As a result, the gate 
insulating films 318 and 319 having the shape shown in 
Figure 4B are formed. 

The porous anodic oxidized films 312 and 313 are removed 
by the wet etching method. The etching is conducted by 
using a mixed solution of phosphoric acid, acetic acid and 
nitric acid, the concentrations of which are 72.3% by weight 
±0.1, 9.5% by weight ±1.0 and 2.0% by weight ±0.4, 
respectively , with water as a solvent. 



17 



An impurity ion endowing one conductivity is added by an 
ion injecting method or a plasma doping method. In the case 
where the pixel matrix circuit is constituted by an N-type 
TFT, P (phosphorus) ion is added, and in the case where it 
is constituted by a P-type TFT, B (boron) ion is added. 

The addition of the impurity ion is conducted as 
separated into two steps. The first step is conducted at a 
high accelerating voltage of about 80 keV, with the peak of 
the impurity ion being focused at the lower part of the edge 
(protruding part) of the gate insulating films 318 and 319. 
The second step is conducted at a low accelerating voltage 
of about 5 keV in such a manner that the impurity ion is not 
added to the lower part of the edge (protruding part) of the 
gate insulating films 318 and 319. 

As a result, source regions 320 and 321, drain regions 
322 and 323, low concentration impurity regions (sometimes 
called an LDD region) 324 and 325, and channel formation 
regions 326 and 327 are formed, as shown in Figure 4B. 

The addition of the impurity ion is preferably conducted 
so that the sheet resistance of the source/drain region 
becomes from 300 to 500 £2 per square. The low concentration 
impurity regions must be optimized according to the 
performance of the TFT. After completing the addition step 
of the impurity ion, a heat treatment is conducted to 
activate the impurity ion. 

A silicon oxide film having a thickness of 400 nm is 
formed as a first interlayer insulating film 328, and 
contact holes are formed to produce source electrodes 329 
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and 330 and drain electrodes 331 and 332. In this example, 
the drain electrodes 331 and 3 32 are formed as spread within 
the pixel. 

This is a measure of obtaining a capacitance as large as 
possible, as the drain electrode is used as a lower 
electrode of an auxiliary capacitance. Because what is 
produced in this example is a reflection type liquid crystal 
display device, the lower part of the region at which the 
pixel electrode is formed later can be freely used without 
considering the aperture ratio. 

After thus obtaining the state shown in Figure 4C, a 
silicon nitride film 333 having a thickness of 50 nm is 
formed as covering the source/drain electrodes, and a first 
metallic film (titanium in this example) 334 is formed 
thereon. In this example, an auxiliary capacitance is 
formed between the drain electrode 331 and the first 
metallic film 334 with using the silicon nitride film 333 as 
a dielectric material. 

An acrylic resin film having a thickness of - 1 Jim is 
formed as a second interlayer insulating film 335. Other 
organic resin films, such as a polyimide resin film, may be 
used instead of the acrylic resin film. A second metallic 
film 33 6 is formed on the second interlayer insulating film 
335 . 

While the second metallic film 33 6 has a function of a 
black mask, it mainly functions as an electric field 
shielding film, i.e., it has a function of protecting the 
pixel electrode formed later from influence of an electric 
field generated by the source/drain wiring. 

After thus obtaining the state shown in Figure 4D, an 
acrylic resin film having a thickness of 1 |im is formed as a 
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third interlayer insulating film 337, and openings 338 and 
339 are formed therein. An embedded conductive layer 340 is 
formed as covering the third interlayer insulating layer 33 7 
and the openings 33 8 and 33 9, as shown in Figure 5A. 

In this example, an acrylic resin film containing 
graphite dispersed therein is used as the embedded 
conductive layer 340. Since the graphite dispersed in the 
embedded conductive layer 3 40 is in the form of flakes, it 
is sufficiently filled in the interior of the openings 338 
and 339. 

An etch back process is conducted by the dry etching 
method using an oxygen gas, to realize the state in that the 
openings 338 and 339 are filled with embedded conductive 
layers 3 41 and 342, as shown in Figure 5B. 

Pixel electrodes 343 and 344 composed of a material 
mainly comprising aluminum are formed on the third 
interlayer insulating film 337 that has been completely 
flattened by the embedded conductive layers 341 and 342. 
Because the interior of the contact holes (openings) is 
filled with the embedded conductive layers 3 41 and 3 42, 
electric connection to the drain electrodes can be realized 
without forming any step, as shown in Figure 5C. 

After that, an alignment film (not shown in figure) is 
formed on the pixel electrodes 343 and 3 44 to finish an 
active matrix substrate, which is one substrate of a liquid 
crystal display device. The active matrix substrate and a 
counter substrate prepared according to the conventional 
manner are fabricated into a cell to finish an active matrix 
liquid crystal display device. 

EXAMPLE 3 

In this example, a production process of a unit pixel 
constituting a pixel matrix circuit of an active matrix 
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liquid crystal display device (AMLCD) driven in a reflection 
mode using ITO as an embedded plug (conductive layer) is 
described with reference to Figures 6A through 8C. 

A quartz substrate 601 having an insulating surface is 
5 prepared. In this example, because a heat treatment at a 

temperature of from 900 to 1,100°C is conducted, a material 
having high heat resistance must be used. A crystalline 
glass (glass ceramics) substrate provided with an underlayer 
film and a silicon substrate provided with a thermal 
10 oxidized film may be used. 

An amorphous silicon film 602" having a thickness of 65nm 
is formed thereon, and the amorphous silicon film 602 is 
O crystallized by using the technique described in Unexamined 

m Published Japanese Patent Application No. 8-78329. The 

S5 technique described in this publication is to conduct 

Li 

In selective crystallization by using a catalytic element 

m accelerating crystallization. 

s A mask insulating film 603 is formed to selectively add 

% a catalytic element (nickel in this example)- to the 

Ho amorphous silicon film 602. An opening 604 is formed in the 

p mask insulating film 603. 

^ A nickel acetate solution containing 10 ppm by weight of 

nickel is coated by the spin coating method, to form a 
catalytic element-containing layer 605. 

2 5 After thus obtaining the state of Figure 6A, removal of 

hydrogen is conducted at 450°C for 1 hour, and a heat 
treatment is conducted at 570°C for 14 hours, to obtain a 
lateral growing region 606. After thus finishing the 
crystallization step, an addition step of phosphorus is 

30 conducted by using the mask insulating film 603 itself as a 

mask, through which a phosphorus -added region 607 is formed. 
After thus obtaining the state of Figure 6B, a heat 
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treatment at 600°C for 12 hours is conducted, so that nickel 
remaining in the lateral growing region 60 6 is subjected to 
gettering into the phosphorus -added region 607. As a 
result, a region in which the nickel concentration is 
lowered to 5 X 10i 7 atoms/cm3 (called a gettered region) 608 

is obtained as shown in Figure 6C . 

Active layers .609 and 610 composed only of the gettered 
region 608 are formed by patterning, and then a gate 
insulating film 611 having a thickness of 120 nm is formed, 
as shown in Figure 6D. The gate insulating film 611 is 
composed of a silicon oxide film; a silicon nitride film, a 
silicon oxide nitride film, or a laminated film thereof. 

After forming the gate insulating film 611, a heat 
treatment at 950°C for 30 minutes in an oxygen atmosphere is 
conducted to form a thermal oxidized film at the interface 
between the active layer and the gate insulating film, by 
which the interface properties can be largely improved. 

The active layer 609 and 610 are oxidized to be thinned 
through the thermal oxidation step. In this example, the 
thickness of the active layers is finally adjusted to 5 0 nm. 
That is, the thickness of the initial film (amorphous 
silicon film) is 65 nm, and oxidation is conducted for 15 
nm, to result in a thermal oxidized film having a thickness 
of 30 nm. The gate insulating film 611 has a total 
thickness of 150 nm. An aluminum film containing 0.2% by 
weight of scandium (not shown in figure) is formed, and an 
island pattern as a base of a gate electrode is formed by 
patterning. After forming the island pattern, the technique 
described in Unexamined Published Japanese Patent 
Application No. 7-135318 is applied, the details of which 
can be referred to the publication. 
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While a resist mask used for patterning remains on the 
island pattern, anodic oxidation is conducted in a 3% 
aqueous oxalic acid solution. A formation current of from 2 
to 3 mV is applied using a platinum electrode as a cathode 
to a carry-over voltage of 8V. As a result, porous anodic 
oxidized films 612 and 613 are formed. 

After removing the resist mask, anodic oxidation is 
conducted in a 3% ethylene glycol solution of tartaric acid 
neutralized with aqueous ammonia, at which the formation 
current is from 5 to 6 mV, and the carry-over voltage is 
100 V. As a result, dense non-porous anodic oxidized films 
614 and 615 are formed. 

Gate electrodes 616 and 617 are thus finished through 
the above-described, procedures. In the pixel matrix 
circuit, gate lines connecting the gate electrodes per one 
line are formed simultaneously with the formation of the 
gate electrodes. The state until this step is shown in 
Figure 7A. 

The gate insulating film 611 is etched by using, the gate 
electrodes 616 and 617 and the porous anodic oxidized films 
612 and 613 as a mask. The etching is conducted by the dry 
etching method using CF 3 gas. As a result, the gate 
insulating films 618 and 619 having the shape shown in 
Figure 7B are formed. 

The porous anodic oxidized films 612 and 613 are removed 
by the wet etching method. The etching is conducted by 
using a mixed solution of phosphoric acid, acetic acid and 
nitric acid, the concentrations of which are 72.3% by weight 
±0.1, 9.5% by weight ±1.0 and 2.0% by weight ±0.4, 

respectively, with water as a solvent. 

An impurity ion endowing one conductivity is added by an 



ion injecting method or a plasma doping method. In the case 
where the pixel matrix circuit is constituted by an N-type 
TFT, P (phosphorous) ion is added, and in the case where it 
is constituted by a P-type TFT, B (boron) ion is added. 

The addition of the impurity ion is conducted as 
separated into two steps. The first step is conducted at a 
high accelerating voltage of about 80 keV, with the peak of 
the impurity ion being focused at the lower part of the edge 
(protruding part) of the gate insulating films 618 and 619. 
The second step is conducted at a low accelerating voltage 
of about 5 keV in such a manner that the impurity ion is not 
added to the lower part of the edge (protruding part) of the 
gate insulating films 618 and 619. 

As a result, source regions 62 0 and 621, drain regions 
622 and 623, low concentration impurity regions (sometimes 
called an LDD region) 624 and 625, and channel formation 
regions 62 6 and 627 are formed, as shown in Figure 7B. 

The addition of the impurity ion is preferably conducted 
so that the sheet resistance of the source/drain region 
becomes from 3 00 to 5 00 Q. per square. The low concentration 
impurity regions must be optimized according to the 
performance of the TFT. After completing the addition step 
of the impurity ion, a heat treatment is conducted to 
activate the impurity ion. 

A silicon oxide film having a thickness of 400 nm is 
formed as a first interlayer insulating film 628, and 
contact holes are formed to produce source electrodes 62 9 
and 630 and drain electrodes 631 and 632. In this example, 
the drain electrodes 631 and 632 are formed as spread within 
the pixel . 

This is a measure of obtaining a capacitance as large as 



possible, as the drain electrode is used as a lower 
electrode of an auxiliary capacitance- Because what is 
produced in this example is a reflection type liquid crystal 
display device, the lower part of the region at which the 
pixel electrode is formed later can be freely used without 
considering the aperture ratio. 

After thus obtaining the state shown in Figure 7C, a 
silicon nitride film 633 having a thickness of 50 nm is 
formed as covering the source/drain electrodes, and a first 
metallic film (titanium in this example) 634 is formed 
thereon. In this example, an* auxiliary capacitance is 
formed between the drain electrode 631 and the first 
metallic film 634 with using the silicon nitride film 633 as 
a dielectric material* 

A polyimide resin film having a thickness of l|Jjn is 
formed as a second interlayer insulating film 63 5. Other 
organic resin films, such as an acrylic resin film, may be 
used instead of the polyimide resin film. A second metallic 
film 63 6 is formed on the second interlayer insulating film 
635. 

While the second metallic film 63 6 has a function of a 
black mask, it mainly functions as an electric field 
shielding film, i.e., it has a function of protecting the 
pixel electrode formed later from influence of an electric 
field generated by the source/drain wiring. 

After thus obtaining the state shown in Figure 7D, a 
polyimide resin film having a thickness of 1 [im is formed as 
a third interlayer insulating film 637, and openings 638 and 
63 9 are formed therein. An oxide conductive layer 640 is 
formed as covering the third interlayer insulating layer 63 7 
and the openings 638 and 639, as shown in Figure 8A. 

In this example, a coating type ITO film having a 



viscosity of from 10 to 3 0 cps (produced by Asahi Denka 
Kogyo K.K.) is used as the oxide conductive layer 640. 
After coating the solution by the spin coating method, it is 
subjected to a drying step at a temperature of from 150 to 
200°C for from 5 to 10 minutes and a baking step at a 
temperature of from 300 to 400°C for from 1 to 2 hours, to 
improve the film quality. The treatments for improving the 
film quality is not limited to those conducted in this 
example . 

It is also effective to conduct annealing at a high 
temperature after the baking step*. On conducting annealing, 
the heat resistance of the material of the electrodes must 
be considered. In order to avoid the whole of the device 
subjected to annealing at a high temperature, lamp annealing 
or the like measure are preferably employed. 

The resistance of the oxide conductive layer 640 becomes 
1 k£2 per square or less by conducting such a treatment for 
improving the film quality. It is considered this order of 
the resistance is enough to ensure electric connection of a 
submicron distance. 

The thickness of the oxide conductive layer 640 can be 
controlled by the viscosity of the solution, and the 
rotation number and the rotation speed on spin coating. The 
thickness must be changed depending on the diameter of the 
contact holes (opening area) , and it is enough to adjust the 
thickness within the range of from 100 to 500 nm (typically 
from 150 to 300 nm) to sufficiently fill up the interior of 
the contact holes. 

An etch back process is conducted by the dry etching 
method using an etching gas selected from HBr, HI and CH 4 
diluted with Ar (argon) . In this example, HBr is employed. 
As a result, the state in that the openings 63 8 and 63 9 are 



filled with oxide conductive layers 641 and 642 is realized, 
as shown in Figure 8B. 

Pixel electrodes 643 and 644 composed of a material 
mainly comprising aluminum are formed on the third 
5 interlayer insulating film 637 that has been completely 

flattened by the oxide conductive layers 641 and 642. 
Because the interior of the contact holes (openings) is 
filled with the oxide conductive layers 641 and 642/ 
electric connection to the drain electrodes can be realized 
10 without forming any step, as shown in Figure 8C, 

After that, an alignment film (not shown in figure) is 
formed on the pixel electrodes 643 and 644 to finish an 
~i active matrix substrate, which is one substrate of a liquid 

=5 crystal display device. The active matrix substrate and a 

pl5 counter substrate prepared according to the conventional 

Hi manner are fabricated into a cell to finish an active matrix 

W liquid crystal display device. 

~ EXAMPLE 4 

;P While the etch back treatment is applied to the. embedded 

SJ2 0 conductive electrode or the oxide conductive electrode in 

l=f Examples 1 to 3 , a polishing treatment can be employed 

instead of the etch back treatment. A technique called CMP 
(chemical mechanical polishing) can be typically employed. 

In the case where this technique is. employed, dusts 
2 5 generated during the treatment should be carefully managed. 

By using this technique, excellent flatness can be ensured 
even when the third interlayer insulating film and the 
embedded conductive layer are formed of different materials. 

EXAMPLE 5 

30 In Example 2, an acrylic resin layer is employed as the 

third interlayer insulating film 337, and the main component 
of the embedded conductive layer is an acrylic resin. Other 
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organic resins, such as a polyimide resin, may be used as 
the main component of the embedded conductive layer. 

In the case where a silicon oxide film is used as the 
third interlayer insulating film, it is effective to use a 
silicon oxide film of solution coating type called SOG as 
the main component of the embedded conductive layer. In 
this case, a carbcm material, such as graphite, is dispersed 
in the solution, and the film formation can be conducted by 
the spin coating method. 

The third interlayer insulating film and the embedded 
conductive layer may be formed df different materials. In 
such a case, measures should be taken not to form a step at 
the opening after the etch back treatment. 

EXAMPLE 6 

While an polyimide film is used as the second and third 
interlayer insulating films in Example 3, it is effective to 
use a silicon oxide film or a silicon oxide-nitride film 
therefor . 

Since an organic resin film, such as the polyimide film, 
only has low heat resistance, the baking temperature of the 
oxide conductive layer and the subsequent annealing 
temperature are limited. However, by constituting the 
interlayer insulating film with a silicon oxide film, etc., 
annealing at a higher temperature can be realized to obtain 
a film having further improved film quality. 

Since a material mainly composed of aluminum is used as 
the gate electrode and the source/drain electrode in Example 
3, the heat resistance of that material should be 
considered. However, when a material having high heat 
resistance is used as the material for the electrodes, an 
annealing treatment at a high temperature exceeding 5 00°C 
can be conducted. 
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Examples of the material having high heat resistance 
that can be used as the material for the electrodes in 
Example 3 include tantalum, tungsten, molybdenum and a 
silicon film endowed with conductivity. 
5 Furthermore, the constitution in this example and that 

of Example 4 may be combined. 

EXAMPLE 7 

In this example, a technique for producing a reflection 
type AMLCD having a constitution different from Example 2 is 
10 described with reference to Figures 9A through 9C . 

The state shown in Figure 9A is obtained according to 
the procedures of Example 2. In Figure 9A, numeral 337 
y denotes the third interlayer insulating film, and 340 

Ln denotes the embedded conductive layer. 

Si 15 Pixel electrodes 901 and 902 composed of a material 

Uj mainly comprising aluminum are formed on the embedded 

3 conductive layer 340. The pixel electrodes 901 and 902 are 

L physically insulated from each other by openings 9 03 and 

jp 904, as shown in Figure 9B. 

ft 20 The embedded conductive layer 340 is etched by using the 

Q pixel electrodes 901 and 9 02 as a mask, to form embedded 

™ conductive layers 905 and 906 patterned into the same shape 

as the pixel electrodes. The embedded conductive layers 905 
and 906 are also physically insulated from each other and 
25 thus function as a part of the pixel electrodes, as shown in 

Figure 9C. 

According to the constitution of this example, while the 
openings (corresponding to 903 and 904) separating the pixel 
electrodes 901 and 902 have a depth of 1 [im or more, this 
3 0 does not bring about any problem since this part positions 

above the source electrode (source wiring) and is shielded 
from light. Furthermore, disclination is concentrated at 
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this part, and thus an effect of preventing disclination 
spreading to the necessary region in the pixel (pinning 
effect) can also be expected. 

EXAMPLE 8 

5- in this example, a technique for producing a reflection 

type AMLCD having a constitution different from Example 3 is 
described with reference to Figures 10A through IOC. 

The state shown in Figure 10A is obtained according to 
the procedures of Example 3. In Figure 10A, numeral 637 

10 denotes the third interlayer insulating film, and 640 

denotes the oxide conductive layer. 

Pixel electrodes 1001 and 1002 composed of a material 
mainly comprising aluminum are formed on the oxide 
conductive layer 640.. The pixel electrodes 1001 and 1002 

15 are physically insulated from each other by openings 1003 

and 1004, as shown in Figure 10B. 

The oxide conductive layer 640 is etched by using the 
pixel electrodes 1001 and 1002 as a mask, to form oxide 
conductive layers 1005 and 1006 patterned into the same 

20 shape as the pixel electrodes. The oxide conductive layers 

1005 and 1006 are also physically insulated from each other 
and thus function as a part of the pixel electrodes, as 
shown in Figure 10C. 

According to the constitution of this example, while the 

25 openings (corresponding to 1003 and 1004) separating the 

pixel electrodes 1001 and 1002 have a depth of 1 |Llm or more, 
this does not bring about any problem since this part 
positions above the source electrode (source wiring) and is 
shielded from, light. Furthermore, disclination is 

3 0 concentrated at this part, and thus an effect of preventing 

disclination spreading to the necessary region in the pixel 
(pinning effect) can also be expected. 
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Furthermore, the constitution in this example and that 
of Example 6 may be combined. 

EXAMPLE 9 

While a TFT having a top gate structure (a planer type 
5 " herein) is exemplified in Examples 1 to 8 , the invention can 
be easily applied to a TFT having a bottom gate structure 
(typically a reverse stagger type) ; 

The invention can be applied to not only a TFT but also 
connection wiring of a MOSFET formed on a single crystal 
10 silicon wafer. 

As described in the foregoing, the invention can be 
applied to a device having any structure that requires to 
connect plural pieces of wiring formed on different layers. 
y| EXAMPLE 10 

^5 While an AMLCD driven in a reflection mode is 

U1 exemplified in Examples 1 to 9 , the invention can be applied 

gi to an AMLCD driven in a transmission mode. In this case, 

L the constitutions shown in Examples 7 and 8 cannot be 

=p applied since the whole of the pixel is shielded from light, 

□ o but the constitutions shown in Examples 2 and 3 

□ (constitutions in which the embedded conductive layer is 
^ filled only in the opening) can sufficiently applied. 

In order to produce a transmission type AMLCD, a 
transparent conductive film (typically an ITO film and a tin 

2 5 oxide film) is used as the pixel electrode. 

In the case where a transmission type LCD is produced, 
when the pixel electrode (transparent conductive film) and 
the active layer is directly connected to each other, there 
arises a problem of leakage of light from the contact part. 

3 0 Even in such a case, the opening is filled with the embedded 

conductive layer to shield the opening from light, and thus 
the leakage of light can be prevented. 
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EXAMPLE 11 

In this example, an AMLCD fabricated by using the active 
matrix substrate (substrate on which elements are formed) 
having the constitution shown in Examples 1 to 10 are 
5 exemplified. The appearance of the AMLCD of this example is 

shown in Figures 11A and 11B. 

In Figure 11A, numeral 1101 denotes an active matrix 
substrate, on which a pixel matrix circuit 1102, a driver 
circuit on source side 1103 and a driver circuit on gate 
10 side 1104 are formed thereon. The driver circuits 

preferably comprise a CMOS circuit complementarily combining 
an N-type TFT and a P-type TFT. Numeral 1105 denotes a 
!= counter substrate. 

ff In the AMLCD shown in Figure 11A, the active matrix 

15 substrate 1101 and the counter substrate 1105 are joined in 

0 such a manner that the edges thereof are arranged, provided 

0 that a part of the counter electrode 1105 is removed to 
expose the active matrix substrate 1101, and an FPC 

E (flexible printed circuit) 1106 is connected -thereto. 

1 20 Signals from outside are transferred to the inner circuit by 
3 the FPC 1106. 

IC chips 1107 and 1108 are mounted utilizing the surface 
on which the FPC 1106 is attached. These IC chips are 
constituted by forming various circuit, such as a video 

25 signal processing circuit, a timing pulse generating 

circuit, a gamma compensation circuit, a memory circuit and 
an operation circuit, on a silicon substrate. While two IC 
chips are mounted in Figure 11A, one IC chip or three or 
more of them may be mounted. 

30 An AMLCD may have the constitution shown in Figure 11B. 

In Figure 11B, the same parts as in Figure 11A are denoted 
by the same symbols, respectively. In this constitution, 
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the signal processing that is carried out by the IC chips in 
Figure 11A is conducted by a logic circuit 1109 composed of 
TFT formed on the same substrate 1101. In this case, the 
logic circuit 1109 is formed based on a CMOS circuit as 
similar to the driver circuits 1103 and 1104. 

While the AMLCD of this example employs a structure in 
that the black mask is . provided on the active matrix 
substrate (BM on TFT) , the structure in that the black mask 
may be provided on the counter substrate may be employed. 

Display in color may be carried out by using a color 
filter, or by driving the liquid crystal in an ECB (electric 
field-controlled birefringence) mode or a GH (guest-host) 
mode without using a color filter. 

Furthermore, a constitution using a microlens array as 
described in Unexamined Published Japanese Patent 
Application No. 8-15686 may be employed. 

EXAMPLE 12 

The constitution of the invention may be applied various 
electro-optical apparatuses and semiconductor circuits in 
addition to an AMLCD. 

Examples of electro-optical apparatuses other than an 
AMLCD include an EL (electroluminescence) display apparatus 
and an image sensor. 

Examples of semiconductor circuits include an arithmetic 
processing circuit such as a microprocessor composed of IC 
chips and a high frequency module handling an input/output 
signal of a portable apparatus (such as MMIC) . 

As described in the foregoing, the invention can be 
applied to any semiconductor apparatus requiring multilayer 
wiring technique. 

EXAMPLE 13 

The AMLCD shown in Example 11 can be utilized as a 



display of various electronic apparatuses. The electronic 
apparatuses exemplified in this example are defined as a 
product equipped with an active matrix liquid crystal 
display device. 

Examples of such an electronic apparatus include a 
camcorder, a still camera, a projection display, a 
projection television, a head-mounted display, a car 
navigation system, a personal computer (including a notebook 
computer) and a portable information terminal (such as a 
portable computer and a cellular phone) . Specific examples 
thereof are shown in Figures 12A through 12F. 

Figure 12A shows a cellular phone, which is composed of 
a main body 2001, a sound output part 2002, a sound input 
part 2003, a display . device 2004, an operation switch 2005 
and an antenna 2006. The. invention can be applied to the 
display device 2004. 

Figure 12B shows a camcorder, which is composed of a 
main body 2101, a display device 2102, a sound input part 
2103, an operation switch 2104, a battery 2105 and- an image 
receiving part 2106. The invention can be applied to the 
display device 2102. 

Figure 12C shows a portable computer, which is composed 
of a main body 22 01, a camera part 22 02, an image receiving 
part 2203, an operation switch 2204 and a display device 
2205. The invention can be applied to the display device 
2205. 

Figure 12D shows a head mounting display, which is 
composed of a main body 23 01, a display device 23 02 and a 
belt part 2303. The invention can be applied to the display 
device 23 02 . 

Figure 12E shows a rear type projector, which is 
composed of a main body 2401, a light source 2402, a display 



device 2403, a polarized beam splitter 2404, reflectors 2405 
and 2406, and a screen 2406. The invention can be applied 
to the display device 2403. 

Figure 12F shows a front type projector, which is 
composed of a main body 2501, a light source 2502, a display 
device 2503, an optical system 2504 and a screen 2505. The 
invention can be applied to the display device 2503. 

As described in the foregoing, the field to which the 
invention can be applied is extremely broad, and the 
invention can be applied any electronic apparatus of any 
field. Furthermore, the invention can be applied to an 
electric display board and an advertisement display. 

The invention relates to a technique for realizing a 
completely flat pixel electrode in . each of pixels 
constituting a pixel matrix circuit of an AMLCD . The 
constitution of the invention is particularly effective in a 
reflection type AMLCD in which the whole surface of the 
pixel electrode becomes an effective display area. 

The disclination generating on the pixel electrode can 
be effectively prevented, and the effective display area is 
widely enlarged by practicing the invention. Therefore, 
high contrast can be realized even in an LCD device of 
higher precision. 



